N eisseria gonorrhoeae (GC) and Chlamydia trachomatis (CT) are common, frequently asymptomatic, sexually transmitted diseases (STDs) among men who have sex with men (MSM). [1] [2] [3] [4] [5] Routine screening of the urethra, pharynx, and rectum using nucleic acid amplification testing (NAAT) has become the standard of care for MSM in the United States and Europe. In resource-limited settings, however, the cost of these assays is frequently prohibitive and syndromic management is the norm. 6 To improve this approach, the World Health Organization has called for screening algorithms guided by detailed understanding of local epidemiologic patterns and correlates of asymptomatic infection. 7, 8 In heterogeneous populations like MSM, these factors may vary substantially across different anatomic sites according to social factors like sexual orientation. 1 To address these issues, we explored variations in the epidemiology of urethral, pharyngeal, and rectal GC and CT infection and associated social, behavioral, and biological correlates of infection in a sample of MSM in Lima, Peru.
In managing GC and CT infection in MSM, it is important to acknowledge the potential clinical and public health implications of infections at different anatomic sites. Prevalence of urethral GC and CT infection in MSM worldwide has been estimated between 0.4%-11.1% and 1.9%-8.4%, respectively. 4, 5, 9, 10 Urethral infections are more often symptomatic than infection at other sites, with up to 90% of patients with urethral GC and more than half of patients with urethral CT presenting with symptoms. 4 Symptomatic disease is more likely to be recognized, diagnosed, and treated. 11 Untreated urethral infections in men, however, can lead to epididymitis, reduced fertility, and urethral strictures. 11 Coinfection with urethral GC or CT and HIValso triples the risk of HIV transmission during insertive intercourse through inflammation and viral shedding in the genital tract.
In contrast, prevalences of oropharyngeal GC and CT infection have been estimated between 0.5%-16.5% and 0-3.6%, respectively, with as few as 0-8% of cases presenting with symptoms. 3, 13, 14 Previous research suggests that undiagnosed pharyngeal gonorrhea may be a source of antimicrobial drug resistance via horizontal gene transfer events with other Neisseria species colonizing the throat. 13, 15 Resistant bacterial strains could potentially be transmitted to sexual partners via kissing, orogenital, or oroanal sex. 16 Accordingly, pharyngeal GC may play an important role in the development, maintenance, and circulation of antimicrobial resistance throughout MSM sexual networks.
Prevalence of rectal GC and CT infection in MSM has been reported between 0.2%-24% and 2.1%-23%, respectively, with more than three quarters of GC and CT cases presenting asymptomatically. 3, 4, 9, 17 Notably, rectal GC has been associated with a 2-to 17-fold increase, and rectal CT with a 2.9-fold increase, in the risk of HIVacquisition. 18 The biological mechanism of this increased vulnerability to HIV is likely due to rectal mucosal inflammation and recruitment of CD4 + T cells to lymphoid tissue. 19 The increased risk for HIV acquisition seen in cases of rectal GC and CT can also be explained by behavioral and network factors that increase risk of exposure to HIV and GC/CT, like condomless receptive anal intercourse (cRAI) and contact with high HIV/STD prevalence sexual networks. 20 Accordingly, routine testing for rectal GC and CT is a potential cornerstone intervention for reducing HIV acquisition among MSM. 20 Despite the diversity of risk factors, symptom presentations, and public health implications of different kinds of GC and CT infection, current STD management strategies in Peru are based on syndromic management without use of NAAT screening. 21 A detailed understanding of factors associated with GC and CT infection at different anatomic sites is critical for targeting limited testing resources to the areas of greatest need. Our study describes prevalence and explores correlates of GC and CT infection at 3 anatomic sites in a sample of MSM in Peru. Our approach considers each site as a potential correlate of multisite infection at another location, highlights variations and similarities in correlates of infection at different anatomic sites, and identifies potential public health implications of diagnosis and treatment of GC and CT infection at each site.
MATERIALS AND METHODS

Participants and Recruitment
Participants were identified during the screening process of a study of sexual partner management after GC and/or CT infection. 22 Research staff recruited participants at STD clinics and venues frequented by MSM in Lima and Callao, Peru, between August 2012 and June 2014. Enrollment was limited to individuals who (1) were at least 18 years old, (2) were assigned male sex at birth, and (3) reported oral and/or anal sex with a male or male-to-female transgender partner in the preceding year.
Study Procedures
All participants completed a computer-assisted self-interview behavioral survey. The survey assessed sexual orientation (heterosexual, bisexual, homosexual) and role (activo [insertive], pasivo [receptive], moderno [versatile]), partner-specific sexual acts (anal, vaginal, oral intercourse) with the 3 most recent sexual partners, position during intercourse (insertive, receptive, both), and condom use.
Physicians performed a medical history and physical examination for signs of STDs, and collected urine samples and rectal and pharyngeal swabs. Only participants with NAAT results from all 3 anatomic sites were included in this analysis. All specimens were tested for GC and CT infection using the Gen-Probe Aptima II assay (Hologic, San Diego, CA) at the US Naval Medical Research Unit-6 Bacteriology Laboratory in Callao. HIV testing was offered to participants, but not required as a condition of enrollment. 22 Participants were compensated 15 Nuevos soles (approximately US$5.00) and provided with 5 condoms and sachets of lubricant at each visit.
Participants with clinically symptomatic urethritis or proctitis were treated with ceftriaxone 250 mg intramuscularly once and azithromycin 1 g orally once at initial evaluation, according to Centers for Disease Control and Prevention guidelines. 23 All participants were provided with results of NAAT testing within 2 weeks and treated with ceftriaxone and azithromycin for asymptomatic GC or azithromycin alone for asymptomatic CT infection.
Consent/Permissions
The institutional review boards of University of California, Los Angeles, Asociación Civil Impacta Salud y Educación, and NAMRU-6 reviewed and approved all study procedures. Written informed consent was obtained from all participants before participation.
Data Analysis
Bivariate analyses with χ 2 and Fisher exact tests, when appropriate, were used to estimate the association of participant characteristics with GC or CT at the 3 anatomic sites. Wilcoxon rank sum test was used to measure differences in the distribution of nonparametric numeric variables between participants with and without infection at each site.
Variables were selected for inclusion in multivariate regression models based on conceptual reasoning. To measure associations between independent variables and outcomes, we computed prevalence ratios with Poisson regression using robust estimation of SEs. [24] [25] [26] All analyses were conducted using Stata 12.0 (StataCorp, College Station, TX). Pairwise deletion was performed for variables with missing data; less than 5% of data were missing for any single variable.
RESULTS
The age range of participants was 18 to 65 years. N. gonorrhoeae and/or CT infection at any anatomic site was identified in 29.5% of the sample. Prevalence of gonoccocal infection (15.3%) was lower than chlamydial infection (19.7%). Singlesite infection with GC and/or CT was diagnosed in 20.5% of participants, whereas multifocal infection was identified in 9.0%, most frequently as simultaneous infection in the rectum and oropharynx (63.4%; 45/71). Only 2.4% of all participants manifested clinical signs of urethritis or proctitis. Figures 1 and 2 show patterns of infection based on bacterial agent and sexual role and behavior with the last 3 partners.
There were 15 new HIV diagnoses (4.0%) among 378 participants who requested HIV testing and reported no prior HIV diagnosis. Two (13.3%) of these participants were diagnosed as having only pharyngeal GC, and 1 (6.7%) was diagnosed as having pharyngeal GC and rectal CT. Overall, 53.9% of participants were HIV infected (previous or newly diagnosed infection). Prevalences of GC and CT at any site in this subgroup were 16.4% and 21.8%, respectively, compared with 14.0% and 17.5% in participants who were HIV uninfected or reported an unknown HIV status (Table 1) .
Urethral Infection
Of the 2.4% of participants with urethral GC, 42.1% (8/19) had clinical signs of urethritis. Although 26.3% (5/19) had urethral infection only, the pharynx was the most frequent location (63.2%) of multisite infection. Urethral GC was more common among participants who identified as heterosexual (12.5%) compared with bisexual or homosexual (2.4% and 2.1%, respectively; P = 0.011). These results corresponded with differences in reported frequency of insertive anal intercourse (IAI), because 61.7% of homosexual participants reported IAI with 1 or more recent sexual partners compared with 95.8% of heterosexual MSM (P < 0.001).
Of the 3.6% of participants with urethral CT, 14.3% (4/28) had clinical signs of urethritis. Although 53.6% (15/28) had urethral infection only, the rectum was the most frequent location (35.7%) of multisite infection. No heterosexual participants had urethral CT. Activo MSM had a higher prevalence of chlamydial urethritis compared with moderno or pasivo participants (8.1% vs. 2.9% vs. 1.9%; P = 0.017). These results corresponded with differences in reported frequency of IAI: 25.1% of pasivo participants reported IAI with 1 or more recent sexual partners compared with 95.3% of activo MSM (P < 0.001).
Pharyngeal Infection
Prevalence of pharyngeal GC was 9.9%. Although GC was limited to the oropharynx in 43.6% (34/78) of participants, the rectum was the most frequent location (47.4%) of multisite infection. The prevalence of pharyngeal GC was similar across all sexual orientations (8.3%, heterosexual; 10.6%, bisexual; 9.8%, homosexual) and roles (9.4%, activo; 7.0%, pasivo; 11.7%, moderno). Of the 146 MSM reporting no receptive oral intercourse (ROI) in their last 3 sexual encounters, 10.3% had pharyngeal GC, similar to the 9.8% prevalence of in those who did endorse ROI.
Prevalence of pharyngeal CT was 3.9% and was limited to the oropharynx in 32.3% (10/31) of participants. The rectum was Figure 1 . Prevalence of urethral, pharyngeal, and rectal infections by bacterial agent. The square figure for each Venn diagram represents the subpopulation presented therein (denominator for the percentages presented). The relative size of the circles in relation to each other represents the proportion of that population that tested positive for infection at the specified site (numerator for the percentages presented). The percentages presented in the figures are discreet and define only the site(s) of infection they represent. For example, for the "Either Bacteria" subpopulation, the "Rectal" percentage equals 12.7%, indicating that 12.7% of participants had infection at the rectal site only, not including those participants with infection of the rectum and another anatomic site. 
Rectal Infection
The rectum was the most common site of infection (20.8%) and the most common site for GC and CT coinfection in our sample. Clinical signs of rectal GC were uncommon (4.6%; 3/65), and infection was isolated to the rectum in 43.1% (28/65) of cases. Prevalence of rectal GC in participants who did not endorse RAI with any of their last 3 partners (6.6%) was similar to that of those endorsing RAI (8.8%).
Clinical signs of rectal CT were also uncommon (2.4%; 3/ 125), and infection was isolated to the rectum in 66.4% (83/125) of cases. HIV infection was associated with rectal chlamydia (18.6% vs. 12.7% of HIV uninfected; P = 0.023). Men who have sex with men who identified as pasivo or moderno had a higher prevalence of rectal CT than activo men (21.9% vs. 16.3% vs. 6.0%; P = 0.001). Notably, only 23.5% of activo men reported 1 or more episodes of RAI during their last 3 partnerships compared with 84.9% of moderno and 93.5% of pasivo men (P < 0.001). Prevalence of rectal CT was 8.1% in participants who did not endorse RAI with any of their last 3 partners compared with 18.5% of those endorsing RAI (P = 0.001).
Poisson Regression of Social, Behavioral, and Biological Factors After adjusting for the same characteristics described earlier, men who identified as moderno had a lower prevalence of urethral CT (0.35 [0.15-0.82]) compared with activo men (Table 3) . Rectal CT infection, the most common site of CT in our sample, was associated with younger age (0. 
DISCUSSION
To our knowledge, our study is the first to both report prevalence and differentiate between epidemiologic patterns of urethral, pharyngeal, and rectal GC and CT infection among MSM in Latin America. Previous studies have established a dichotomy between urethral infection (which is more likely to be symptomatic, diagnosed, and treated), and pharyngeal or rectal infections (which are frequently asymptomatic, occult, and consolidated under the rubric of "extragenital infection"). 5, 10, 13 Few studies have examined correlations between infection at a specific anatomic site and risk factors for STD acquisition and onward transmission. 14, 17 Our study is unique in that it synthesizes these approaches, describing prevalence at each site and exploring how correlates of infection differ by site, rather than considering pharyngeal and rectal infections as interchangeable diseases. This approach allows us to consider each site as a potential correlate of multisite infection at another location, to highlight differences in sociobehavioral correlates of infection by anatomic site, and to identify the potential public health impact of diagnosis and treatment of occult infections at each site.
Consistent with previous studies, our results show that urethral GC and CT are more often symptomatic than rectal infections, 13 and urethral GC is more often symptomatic than urethral CT. 27 We also found that urethral CTwas associated with an activo role, which has been described previously as a heterosexual consolidation of masculinity in Peru and associated with MSM reporting a heterosexual orientation. 28 Combined with the fact that urethral CTwas frequently asymptomatic in our sample, this finding suggests that timely diagnosis and prevention of transmission to male and female partners of affected men relies on clinician assessments of sensitive subjects like sexual role and behavior. This finding also has implications for women because cervical CT is often asymptomatic, but can lead to pelvic inflammatory disease, pregnancy complications, and infertility. 3, 29 Targeting this subgroup of MSM for urethral NAAT testing for CT rather than screening all MSM could limit spending while limiting the spread of chlamydia through MSM populations and associated heterosexual networks.
Consistent with several previous studies of MSM in the United States, the oropharynx was the most common site of GC infection in our study. 5, 13, 27 Although pharyngeal GC poses minimal health risk to its carriers, 7, 8 the oropharynx has been shown to act as a transmission reservoir for urethral infection via oral sex. 30 Others suggest that pharyngeal infection may be spread to the rectum by anilingus or "rimming" and to the oropharynx of others by kissing. 16 Moreover, because pharyngeal infection is often asymptomatic, emerging antibiotic-resistant strains may go undetected and serve as a reservoir for the spread of resistance throughout the population. 3 The most effective public health approach to this common, asymptomatic reservoir for antimicrobial resistance would be to screen all sexually active MSM for pharyngeal GC.
The rectum was the most common site of CT infection in our study. Participants with rectal infection were less likely than those with urethral infection to have symptomatic disease. Moreover, rectal CT was associated with HIV infection in our sample and has been epidemiologically linked with HIV acquisition in other settings. 18 Accordingly, screening for rectal CT could be a cost-effective strategy to identify and target the highest-risk MSM for delivery of social and biomedical HIV and STD prevention interventions. Whether the increased risk for HIV acquisition after rectal CT infection is due to biological or behavioral factors, or a combination of the 2, targeting prevention services and STD treatment to MSM with occult rectal CT may be an effective strategy for limiting HIVacquisition and transmission throughout their sexual network.
Strategies to reduce cost in developed country settings recommend MSM be screened at sites of sexual contact based on selfreported risk behaviors. 23 However, in our sample, pharyngeal and rectal GC and CT infection were frequently diagnosed in men reporting no relevant risk behaviors with their 3 most recent partners. This understudied phenomenon has been reported in other studies as well. 3 Our results suggest that clinicians could use sexual role as a proxy for sexual risk behavior in assessing anatomic site-specific STD risk, but only in addition to a detailed exploration of recent sexual practices because the consistent presence of multisite GC and CT infections in our sample suggests that sexual role segregation among MSM does not preclude cross-transmission of bacterial STDs across multiple anatomic sites.
Our findings should be considered in the context of several limitations. First, our results may not be generalizable to all MSM in Lima because we collected a convenience sample of men who volunteered to be screened for a trial of partner notification at one clinical site. Because the recruitment site is a center for HIV and STD research, our sample is likely to be higher risk and have a higher prevalence of HIV infection compared with the general MSM population. Second, because we collected data only on the 3 most recent sexual partners, the time frame of our analysis was limited and lacks comprehensive data on all recent sexual practices. For example, although our sample included men with rectal GC and CT infection who did not endorse RAI, our results may have been different had we asked about RAI with any recent partners. Third, because of the cross-sectional nature of this sample, we were not able to assess the temporal association of rectal STDs with HIV incidence. However, we did identify a baseline association between HIV and rectal CT, suggesting an important area for future study.
Our results highlight limitations of the current syndromic management approach to STDs in Peru, wherein urethral CT and rectal GC and CT may be missed due to their frequently asymptomatic presentations. Successful management of GC and CT infections among MSM in low-resource settings requires differentiating between bacterial agent, symptoms, associated risk factors, and public health implications of infection at different anatomic sites.
